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Motivation for Matter Effects
Matter effects arise due to the passage of neutrinos through the dense matter and the consequent modification of the propagation of different flavours because of the different forward scattering amplitudes.
Matter effects provide the energy dependence which is needed to solve solar neutrino problem. And they establish that 
Three Flavour Oscillations
To discuss matter effects in the context of atmospheric neutrino oscillations we necessarily have to consider three flavour oscillations.
We assume mixing of three neutrino flavours which give rise to three mass eigenstates. Two of the mass eigenstates are split by 
Oscillations
It is expected that matter effects will be most visible in ¤ oscillations because the origin of matter effects is the difference in the forward scattering amplitude off electrons of (due to both charged current and neutral current) and , we have to be close to the resonance energy and also choose a pathlegth such that the oscillating factor is maximised.
This gives us a condition on pathlength But when matter effects are included, the
generacy is broken and we have three different matter dependent mass-square differences. These are
is not affected by the breaking of this degeneracy because one of the previously degenerate mass eigenstates ( Once again, it is reasonable to suppose that matter effects are the largest in the neighbourhood of resonance. But for what values of will we get maximum matter effects? For that we look at each of the terms in the expression for increasing sharply.
However, if we are in the neighbourhood of a vacuum peak of ¤ ¥ , then the effect of the decrease of the first term is stronger than the effect of the increase of the second term. This is illustrated in the following figure. So we look for an energy region where they both have the same sign but one is large.
Given that¨¤ has substantial increase over a large energy range, it is easier to find conditions under which We computed the number of muon events for an exposure time of 1000 Kton-Year. For the energy range 5-10 GeV and pathlength range 6000 to 10000 Km, we expect 261 events in the case of vacuum oscillations and 204 events in the case of matter oscillations.
